Introduction
Orchard floor management combines soil cultivation tillage, cover crops, mowing of weeds and cover plants, mulches, the use of herbicides, and flame burning of weeds. Herbicides are a solution that is effective, easily executed, and relatively cheap and ensures high-yielding trees (Harrington et al., 2005) . Full mechanization of the cultivation of soil under tree canopies is possible with the use of retracting tree rotary weeders (Rabcewicz and Białkowski, 2011) . Such cultivation destroys the soil structure, reduces the organic matter, and causes soil erosion and damage to tree roots located near the surface (Cockroft and Wallbrink, 1996) . Weeds in orchards are successfully controlled with synthetic mulches such as polyethylene plastic (Camposeo and Vivaldi, 2011) , woven polypropylene fabric (Szewczuk and Gudarowska, 2006; Rozpara et al., 2008) , and nonwoven polyacrylic fabric (Camposeo and Vivaldi, 2011) as well as natural mulches such as grain and rape straw (Szwedo and Maszczyk, 2000; Rowley et al., 2011; Sas-Paszt et al., 2014) , sawdust (Czynczyk et al., 2011; Sas-Paszt et al., 2014) , wood chips (Engel et al., 2001; Treder et al., 2004; Rowley et al., 2011) , wood bark (Szewczuk and Gudarowska, 2006; Rozpara et al., 2008; Sas-Paszt et al., 2014) , shredded paper (Rowley et al., 2011 ), compost (Sas-Paszt et al., 2014 , hay (Stefanelli et al., 2009) , mown grass (Szklarz and Radajewska, 2009) , fruit pomace (Camposeo and Vivaldi, 2011) , textiles (linen, jute, wool), waste (Rozpara et al., 2008; Czynczyk et al., 2011) , and peat moss (Sas-Paszt et al., 2014) .
Orchard floor management, including cover crops, plays an important role in providing favorable conditions for the growth and yield of apricot and apple trees as well as in maintaining biodiversity (Polverigiani et al., 2013a (Polverigiani et al., , 2013b . Increased biodiversity and functional biodiversity in low-input orchards is, to a large extent, connected with the presence of flowering plants that attract natural enemies of fruit pests (Fitzgerald and Solomon, 2004; Fiedler and Landis 2007) . Some weed species also perform this function, e.g. Capsella bursa-pastoris (L.) Med., Galium aparine L., Senecio vulgaris L., and Taraxacum officinale F.H.Wigg. (Dib et al., 2012) .
Worldwide plum cultivation area amounts to about 2.5 × 10 6 ha and worldwide plum production to 10.3 × 10 6 t (www.fao.org). Production in Poland, consisting mainly of the fruits of Prunus domestica L., is estimated at 100,000 t. The Serbian cultivar Valjevka is characterized by high quality of fruits, tolerance to plum pox virus (Ogašanovic, 1990) , midseason time of ripening, low susceptibility to diseases and pests (Głowacka and Rozpara, 2014) , and suitability for mechanized harvest with combine harvesters (Mika et al., 2012) .
The aim of this research was to determine which method of soil cultivation under tree canopies would be optimal and acceptable in a plum orchard, including lowinput orchard floor management. The tolerance of trees to spontaneous vegetation and its usefulness as ground cover were also subjected to evaluation. The research was undertaken because the literature on orchard floor management in temperate climate zones deals with other deciduous fruit trees, mainly apple, peach, nectarine, and cherry, and not much study has been done on plums.
Materials and methods
The field experiment was conducted in the Experimental Orchard of the Research Institute of Horticulture in Dąbrowice, Central Europe, Central Poland (51°55′N, 20°06′E), located on medium quality pseudo-podsolic soil (graded Class IV), neutral reaction (pH 6.5), and 2.3% organic matter. The temperate climate of Central Poland, intermediate between maritime and continental, is characterized by cold winters and hot summers, and relatively low and changeable precipitation. During the study period, average air temperature was -2.5 °C in January and 19.4 °C in July. Average annual precipitation was 496 mm and ranged between 316 mm (in 2015) and 680 mm (in 2010). The research was conducted in the years 2009-2015 on plum trees of the cultivar Valjevka (Prunus domestica L.), which were grafted on Myrobalan seedlings (Prunus cerasifera Ehrh. var. divaricata Ledeb.). Treatments were applied in completely randomized blocks with 4 replications and 5 trees on the plots (20 trees per treatment). One-year-old trees were planted in spring 2008. The trees were spaced at 2 m in rows and 4 m between rows. In 2008, the weeds were treated both mechanically and chemically (two treatments with glufosinate ammonium). Perennial grass Festuca rubra subsp. rubra was sowed in the interrows in September after the establishment of the orchard. Grass in the interrows was systematically mowed in the following years. From 2009 the following methods of soil cultivation were introduced: control with limited weeding; spraying with foliar herbicides (glufosinate ammonium, one treatment, 0.6 kg a.i./ha per year; glyphosate, 2.88 kg a.i./ha per year) -3 treatments between May and August; mulching with organic waste -cereal straw with compost in a volume ratio of 2:1 (layer of about 10 cm, filled in every 2 years); mechanical soil cultivation with the use of rotary cultivators and hoe -three times from May to September; weed mowing -3 times between May and September. On the control plots with limited weeding, the weeds growing around tree trunks were pulled several times (3-4 times during a season, within 0.5 m from trunk). Plot width was 2 m. Trees trained to a central leader spindle system were drip-irrigated. Soil water potential was kept between 0 and -0.02 MPa at a depth of 20 cm, according to the readings on tensiometers. Mineral fertilization (N every season; PK prior to orchard establishing) and plant protection were carried out according to current recommendations for commercial orchards. Every year in May, June, and August the weeds were assessed before being treated. This manuscript does not provide a detailed description of weeds and weed control efficiency. In order to illustrate the tree-weed competition, only the most important of weed species are mentioned; the presented results are fragmented and they concern the percentage of weed coverage of the soil and the weight of fresh weeds. In 2009-2015, records of vegetative growth and yield of plum trees were taken. In the spring of 2009 and every autumn, in permanently marked places, the diameter of tree trunks was measured 25 cm above ground level and converted into trunk cross-sectional area (TCSA). In 2009 and 2010, prior to annual cutting of the central leader and branches, the height of trees and the canopy span (mean measures taken along and across the rows) were measured. From 2010 to 2015, on 3 trees situated in the middle of the plots, 1-year shoots were counted and their length was measured. The yield was harvested from 2010 to 2015. In the canopy of every tree, on 3 randomly chosen permanently marked branches, the relation between shoot age and fruit bud formation and fruit setting (expressed as the percentage of fruit to bud clusters) was recorded. Fruit weight and total soluble solids (TSS) were determined on the basis of samples consisting of 100 fruits (20 fruits from each tree on a plot). TSS content of plum juice was determined by the index of refraction and was measured using a digital hand-held "pocket" refractometer PAL-1 (ATAGO Co. Ltd., Tokyo, Japan). Productivity index (PI), or ratio of fruit yield to trunk area, was calculated by dividing the cumulative yield by the final TCSA.
Results were analyzed statistically using analysis of variance. The significance of the means was evaluated using the Newman-Keuls test (data concerning weed state) and Duncan's test (data concerning tree growth and yield) at the 5% level. Percentages (weed coverage; fruit bud clusters, fruit, and fruit setting on young wood) were transformed according to the Bliss function.
Results and discussion
Herbicides and mechanical cultivation were efficient methods of weed control (effectiveness between 95% and 100%). Annual weeds were dominant: Chenopodium album L., Capsella bursa-pastoris (L.) Med., Stellaria media (L.) Vill., Senecio vulgaris L., Polygonum aviculare L., Geranium pusillum Burm.f. ex L., Viola arvensis Murray, Echinochloa crus-galli (L.) P.Beauv., and Poa annua L. Perennial weeds including Taraxacum officinale F.H.Wigg., Equisetum arvense L., Epilobium adenocaulon Hausskn., and Trifolium repens L. made up not more than 10% of vegetation. After 1-2 months after treatment, weeds on cultivated, mowed plots sprayed with herbicides grew back. After growing back, the maximum weed coverage of the soil on plots with cultivation and mowing was not significantly different from that of the control plots (Table  1) . Weight of fresh weeds was lowest on mulched plots. Weight of weeds on control plots was substantially higher than in other treatments (Table 1) .
There were no statistically relevant differences between the following parameters related to the growth of trees: height of trees and canopy span in 2009-2010 (Table 2) ; total number of annual shoots per tree and total length of shoots in 2010-2015 (Table 2) ; year by year TCSA (Table 3) . Mean annual shoot length on plots treated with herbicides in 2010-2015 was significantly higher than on control and mowed plots. Most of the flowers and fruits in 2010-2015 were growing on 2-year-old shoots and the proportions between 1-, 2-, and 3-year-old shoots were the same for trees growing on all types of plots (Table 4) . However, according to Mika et al. (2012) , on 3-year-old trees of the cultivar Valjevka growing in an herbicide fallow system, the greatest number of fruits grew on 1-year-old shoots, although the differences between the percentages of fruits growing on 1-, 2-, and 3-year-old shoots were not significant. On control, mulched, and mowed plots sprayed with herbicides, fruit setting on 2-year-old shoots was considerably better than on 1-year-old and 3-year-old shoots (Table 4) . On plots with soil cultivation, the fruit setting on 2-year-old and 3-year-old shoots did not differ substantially. Trees on control plots were not significantly different from trees on plots with other treatments in terms of the following records: yield in the particular years of the research, cumulative yield in 2010-2015, PI in 2010-2015 (Table 5) , and fruit TSS (Table 6 ). Cumulative yield was substantially higher on plots treated with herbicides than on mulched plots. Fruits picked on mowed plots were characterized by heavier weights than fruits picked on control plots in 2010 and 2014, and all the time between 2010 and 2015 (Table 7) . In 2012 the weight of fruit picked on mulched plots was considerably higher than the weight of fruits from control plots. Strongly growing trees of the cultivar Valjevka grafted onto Myrobalan seedlings proved resistant to weeds, contrary to susceptible young apple trees (Merwin and Ray, 1997) and peach trees (Welker and Glenn, 1991) . Systematic weed control in the form of spraying with herbicides, soil cultivation, mowing, and mulching with straw and compost did not improve the growth, yield, and quality of the fruits compared to the control with limited weeding. Increase in weight of fruits picked on mowed plots compared to the control plots was not significant from the practical point of view if the plums are meant mainly for processing, and the cultivar Common Prune, with small fruits, remains the quality standard (Mika et al., 2012) . The effectiveness of orchard floor management is affected by many factors such as environmental conditions, age of orchard, species and cultivar of trees and rootstocks, and species composition of the weeds (Mika et al., 1998; Stefanelli et al., 2009 ). According to authors examining the issue, the response of trees to organic mulches is varied. Pine bark did not improve the yield of nectarines (Szewczuk and Gudarowska, 2006) , whereas compost or wood chips improved the yield of apple trees (Engel et al., 2001) ; straw positively affected the yield of sour cherry (Szwedo and Maszczyk, 2000) . Presented results confirmed that herbicide fallow facilitates growth and yield and is an effective solution for conventional plum orchards, similar to apple trees (Harrington et al., 2005) . It should be taken into account that further administrative constraints regarding the use of herbicides are possible in the future, apart from the already existing ones that result from public concerns and the negative effects herbicides have on the environment. Presently, there is a debate whether glyphosate should continue to be used in the European Union. Differences in yields of plum trees on herbicide plots and mulched plots may result from N and P availability and uptake and are not discussed in this manuscript. Tolerance of the trees to weeds is a trait desired in the case of low-input cultivation, where the necessity of a costly combination of alternative methods is to be expected (Rowley et al., 2011) . Spontaneous vegetation did not have negative consequences on the growth of shoots and fruit-bearing of plum trees, as in multispecies cover in apple trees (Polverigiani et al., 2013b) . During the plot research in the plum orchard, treatments including the control (limited weeding) and mulching were not observed to have any influence on rodents damaging the trees. Such risks should not be neglected, however, in commercial orchards (Merwin and Ray, 1999) . Foliar herbicide treatment, mulching with organic waste, mechanical soil cultivation, and vegetation mowing did not improve growth and yield of Valjevka plum grafted on Myrobalan rootstock compared to limited weeding around tree trunks. Trees of the cultivar Valjevka grafted on vigorous rootstock Myrobalan proved tolerant to weeds. Weeds (spontaneous vegetation) can potentially be used as ground cover plants. The use of postemergence herbicides facilitated the growth and yield of plum trees and may be considered a convenient method for floor management under trees in conventional orchards.
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